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Lead sulphide (PbS) nanocrystalline thin films have been grown from sputtering with the variation of growth temperature 
and RF-Power. The intensity of single dominant peak (200) in XRD-pattern increases by increasing the growth temperature 
from 175 oC to 200 oC and RF power from 80 W to 100 W, respectively. The crystallite size and the strain of as-deposited 
PbS thin films have been calculated from XRD-peak profile analysis. Microscopic surface and cross-section images show 
the improvement in thin films growth in terms of alignment of grains and thickness. The band gap of PbS thin films has 
been determined from UV-Vis absorption spectra, where the band gap decreases from 1.98 eV to 1.72 eV as the growth 
temperature and power increased from 175 C and 80 W to 200 C and 100 W. 
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1 Introduction 
Recently, lead sulphide (PbS) has attracted 
considerable attention due to its morphological, 
optical and opto-electronic properties for the 
application of optoelectronic devices, 
photoconductors, sensors and infrared detectors1-3. 
The PbS is a IV-VI direct band gap versatile 
semiconductor material and a large exciton Bohr 
radius of 18 nm resulting in a high degree of spectral 
tenability from 3000 nm to visible wavelengths 4-6.  
Nanocrystalline PbS thin films have been deposited 
on conducting and non-conducting substrates for 
various optoelectronic devices 6,7. PbS thin films can 
be deposited by different chemical and physical 
methods, such as vacuum evaporation2,8, successive 
ionic layer adsorption and reaction (SILAR)9, electro-
deposition10,11, chemical bath deposition (CBD)12, RF-
sputtering1,13-16 and so on. Among these deposition 
methods, the RF-sputtering is one of the precise 
methods to deposit PbS thin films, which can control 
the deposition rate and microstructure by 
manipulating the optimised growth temperature to 
avoid environmental contaminations and defects13, 14. 
Despite the extensive study of PbS thin films for 
various applications, there are fewer studies for the 
growth of PbS thin films by controlling the 
temperature and power simultaneously. Therefore, the 
microstructure, structural and optical properties of 
sputtered deposited PbS thin films with optimised 
process parameters are studied for the future 
prospective applications. 
 
2 Experimental 
PbS thin films were deposited on glass substrates 
by RF sputtering at the growth temperature of 175 oC 
and 200 oC with RF-power of 80 W and 100 W, 
respectively. Prior to the deposition of PbS thin films, 
the substrate was cleaned by acetone, methanol and 
DI water and dried by compressed nitrogen gas for 10 
min at room temperature. For the source of PbS, the 
target was purchased from commercially available 
“Advanced Process Technology” with a high purity of 
99.9%. This PbS target was loaded in the sputtering 
system for deposition of PbS thin films. The argon 
gas (Ar) was used to produce plasma with the flow 
rate of 20.1 sccm. During the PbS thin films growth, 
the pressure was maintained in the chamber to be ~ 
2.4 × 10-2 mbar. For the optimization of PbS thin 
films, two growth parameters, that is, the RF-power 
and the growth temperature were varied. For all 
grown samples, the deposition time was fixed for 30 
min. The prepared PbS thin films were characterized 
by using different analysis tools. The diffraction 
patterns of PbS thin films were measured by X-ray 
diffractometer (XRD) by using CuK1 radiation 
(0.154056 nm) X-ray source operating at 40 kV and 
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40 mA, at a Bragg-Brentano -2 configuration, with 
an incidence of 1° (Rigaku-Ultima-IVsystem, Japan). 
The structural parameters (the crystallite size, and 
strain) were calculated from XRD-peak profile 
analysis. The surface and cross-sectional 
microstructure of thin films were determined from 
field emission scanning electron microscopy (FE-
SEM)(Hitachi-S-4700). The elemental composition  
of PbS thin films was measured by EDAX spectra. 
The optical properties of films (band gap, nature  
of band gap) were determined from UV-Vis 
spectrophotometer (US-S-4100) referenced to an air. 
The band gap was calculated from the Tauc’s plot. 
 
3 Results and Discussion 
Figure 1 (a – c) show the XRD patterns of PbS thin 
films grown at three different conditions, that is, 80 W 
and 175 C, 80 W and 200 C, and 100 W and 200 
C, respectively. The preferred and dominant peak 
(200) of films was observed at 30 (2) in all samples 
regardless of growth conditions. While the peak 
intensity increased with respect to increasing the RF-
power from 80 W to 100 W and the growth 
temperature from 175 C to 200 C. At the growth 
conditions of 100 W and 200 C (Fig. 1 (c)), the 
diffusion of sputtered species increased, and allowing 
them to deposition site on the substrate to form 
uniform and align the crystals13. The second 
diffraction peak was also appeared at 62 
corresponding to the (400) plane. Both peaks (200) 
and (400) of PbS thin films are confirmed by standard 
data of JCPDS card no. 5-0592. The crystallite size 
(D) was calculated through the Debye-Scherrer’s 
formula17: 
 
 cos/9.0D   ...(1) 
where, λ is the wavelength of X-ray of Cu-Kα 
(0.154056 nm) and β is the FWHM of a diffraction 
peak centered at an angle θ. The strain was calculated 
with the help of following formula18: 
 
 tan4/   ...(2) 
 
where, β is the FWHM of a diffraction peak centered 
at an angle θ. Figure 2 shows the variation of FWHM, 
crystallite size, and the strain of PbS thin films. The 
crystallite size of PbS thin films was increased from 
13 to 17 nm as the growth parameters were changed 
from 80 W and 175 C to 100 W and 200 C, 
respectively. While, the strain of PbS thin films was 
decreased from 10.5 to 7.4 by changing the growth 
parameters from 80 W and 175 C to 100 W and 200 
C, respectively. The increasing crystallite size and 
decreasing the strain in thin films might be occurred 
due to the improvement in alignment and uniform the 
growth crystals. 
Figure 3 (a -f) shows the surface and the respective 
cross-section microstructures of PbS thin films grown 
at 80 W and 175 C, 80 W and 200 C, and 100 W 
and 200 C, respectively. The grain size was also 
calculated by using the surface scale mapping from 
microscopic SEM images. 
The average grain size of PbS films decreased from 
200 to 120 nm as the growth temperature and power 
increased from at 175 C and 80 W to 200 C and 100 
W. The average thickness of PbS thin film decreased 
from 300 nm to 250 nm as the growth temperature 
increased 175 C to 200 C, while keeping the RF 
power of 80 W. Thereafter, the average thickness of 
PbS thin films increased from 250 nm to 320 nm as 
the RF power increased from 80 W to 100 W and kept 
constant the growth temperature of 200 C. Increasing 
the film thickness and decreasing the grain size of 
 
 
Fig. 1 – XRD-pattern of PbS thin films with respect to
the variation of RF-power (P) and temperature (T), (a) P = 80 W,
T = 175 oC, (b) P = 80 W, T = 200 oC and (c) P = 100 W,
T = 200 oC. 
 
Fig. 2 – Structural parameters determined from XRD-peak profile 
analysis, FWHM, crystallite size (D) and strain ().
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PbS thin films by increasing the RF power from 80 W 
to 100 W and the growth temperature from 175 C to 
200 C could be occurred due to growth rate increased 
by increasing the RF power and growth temperature. 
Some of grains are agglomerated on the surface 
microstructure that is clearly reflected from the 
images due to the highest growth rate. To determine 
the chemical composition and the stoichiometric of 
PbS thin films, the EDAX spectrum was measured at 
room temperature. Figure 4 shows the typical EDAX 
spectrum of PbS thin films of the sample grown at the 
highest RF power of 100 W and the highest growth 
temperature of 200 C. Strong peaks of Pb and S were 
observed in the spectrum. The absence of other sharp 
peaks in the spectrum is confirmed the formation of 
PbS stoichiometry of films. While some of the lower 
intensity peaks were also detected, that were not 
related to the sample. For the typical as-deposited 
sample at 200 C and 100 W, the stoichiometry ratio 
(at.%) of Pb and S, that is, Pb:S=39:61 was achieved. 
The optical band gap of the sputtered PbS thin 
films was determined from Tauc’s plot by the 
extrapolation of linear portion of the (αhν)2 versus the 
photon energy (hν) as shown in Fig. 5. The Tauc’s 
relation was used as given below19, 20:  
 
n
gEhvAhv )(    ...(3) 
 
where, α is the absorption coefficient, hυ is the energy 
of incident photons, Eg is the optical band gap and A 
is the proportionality constant and n =1/2 for direct 
band gap materials21. 
 
)()( 2 gEhvAhv    ...(4) 
 
The band gap of as-deposited sputtered PbS thin 
films was decreased from 1.98 to 1.72 eV by 
increasing the RF power and growth temperature from 
80 W and 175 C to 100 W and 200 C. The 
 
 
Fig. 3 – FE-SEM microscopic images of PbS thin films, (a) and (b) surface and cross-section at P = 80 W, T = 175 oC, (c) and (d) surface and 
cross-section at P = 80 W, T = 200 oC, (e) and (f) surface and cross-section at P = 100 W, T = 200 oC. 
 
 
Fig. 4 – Typical EDAX spectrum of PbS thin film deposited at 
200 C by applying RF power of 100 W. 
 
 
Fig. 5 – Tauc’s plot for the determination of bandgap for PbS thin 
films grown by RF-sputtering with the variation of RF-power and 
growth temperature.
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increasing band gap of sputtered PbS thin films with 
increasing the growth temperature and power was 
occurred due to the effect of quantum confinement22. 
The nature of the optical band gap of the as-deposited 
sputtered PbS thin films was studied by using 
logarithm form of Tauc’s equation as follows23:  
 
)ln(ln)ln( gEhvnAh   ...(5) 
 
The value of the optical band gap (𝐸𝑔) of the as-
deposited sputtered PbS thin films was used to study 
the nature of the band gap. The significance of nature 
of band gap is to analyze the feasibility of the material 
for the application of optoelectronic devices. The 
slope of linear region of the plot ln(𝛼ℎν) versus 
ln(ℎν− 𝐸𝑔) is shown in Fig. 6. The value of “𝑛 =1/2” 
is indicated an allowed direct transition in the as-
deposited sputtered PbS thin films. 
 
4 Conclusions 
Nanocrystalline PbS thin films were grown on 
glass substrates by RF-sputtering with the controlling 
growth temperature and RF-power. The crystalline 
behaviour of sputtered PbS thin films improved  
with respect to increasing the growth temperature 
from 175 C to 200 C and RF power from 80 W  
to 100 W. The average grain size of PbS films 
decreased from 200-120 nm as the growth 
temperature and power increased from at 80 W and 
175 C to 100 W and 200 C. The band gap of  
PbS thin films decreased from 1.98 to 1.72 eV as  
the power and temperature increased from 80 W and 
175 C to 100 W and 200 C. 
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Fig. 6 – Plot of ln(ℎ]) versus ln(ℎ − 𝐸g) of as-grown sputtered
PbS thin film (power = 100 W and growth temperature = 200 C). 
The slope (𝑛) ∼0.5 shows the direct type transition. 
 
